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A bstract     In th is wo rk , w e rep ort o n th e p erfo rma nce o f a
h ig hly selectiv e, co mp act 1 .8 3××××    2 .0 8 cm 2  (~0.72 ××××    0 .8 2 in .2 )
m icro strip  line b an d stop  filter of Y B a2 C u3 O 7 –δδδδ     (Y BC O) on 
L aA lO 3  (L AO ) sub strate. T h e filter is desig ned fo r a  center
frequ en cy of 1.62 3 G Hz fo r a ba n dw id th at 3  dB  from  reference
b aselin e o f less th a n 5.1 5 MH z, an d a  b an dstop  rejectio n  o f
3 0 dB  o r b etter. Th e d esign  a nd  op tim izatio n  o f the filter w a s
p erfo rm ed using  Z ela nd ’s IE 3D  circuit sim ula to r. Th e op tim ized
d esig n w as u sed  to fab ricate go ld (A u ) an d H ig h-T em pera ture
S up erco n du cto r (H TS ) v ersio ns o f the filter. We h av e also stu died 
a n electro nically  tu na ble v ersio n of th e sa m e filter. T u na bility of
the b an d stop  ch aracteristics is achieved by  th e integ ra tio n o f a
thin film co n du ctor (A u o r HT S) an d the n on -linea r dielectric
ferro electric S rT iO 3  in  a  co nd uctor/ferroelectric/d ielectric
m od ified  m icrostrip  co nfigu ra tio n. T h e perfo rm an ce of th ese
filters an d com pa rison  w ith  the simu lated  d a ta  w ill b e p resen ted.

Index Terms L-band Bandstop Filter, High Temperature
Superconducting (HTS) thin films, LaAlO3 substrates,
Ferroelectric thin films, tunable filters.

I. INTRODUCTION

Since the discovery of High-Temperature Super-
conductors (HTS) in 1986, many HTS-based planar
microwave components such as resonators and filters have
been demonstrated. The use of these HTS films in place of
normal conductors (e.g., gold and copper) has reduced
conductor losses and consequently insertion loss. In recent
years, HTS thin-film based filters have been seriously
considered for applications in cellular and PCS
communications, as well as for some specific radio-

astronomy applications [1]–[4]. For example, HTS
pre-select filters are currently being investigated in cellular
base-stations for improved selectivity [2].

Also, HTS components have been integrated with
ferroelectric thin films to develop low loss, frequency, and
phase-agile microwave components [5]–[7]. For radio-
astronomy applications, the L-band 21-cm hydrogen line
(~1.428 GHz) is heavily utilized for deep space exploration.
Because the spectrum is crowded at these frequencies,
suppression of spurious signals is extremely necessary to
avoid degradation of the probing frequency band of interest.
Therefore, bandstop filters that offer small size, low loss, and
ease of integration into the receiver subsystems while
maintaining stringent specifications are highly desirable.

I n th is  paper , we r epo rt on  the perf o rm an ce of  a high ly 
s electiv e, co mp act 1 .8 3× 2 .0 8 cm 2  ( ~0 .7 2× 0 .8 2 in .2 )  b an ds top 
m icro str ip  line L-b and  f ilter  f abr icated us ing  g o ld  ( Au )  o r
Y Ba2 Cu3 O 7 – δ  (Y BCO)  th in  f ilm s on  LaAlO 3  (LAO ). Tw o
v er sion s  o f the f ilter  h ave b een  s tu d ied: a fixed -f requ ency
d es ig n and  a tu nable d es ign  u sin g a ( Au , YBCO) / S rTiO 3 /LA O
s up er co n du cting /f er r oelectr ic/d ielectric mu ltilay er  s tr u ctur e.

II. DESIGN, FABRICATION, AND TESTING

The bandstop filter was designed for symmetrical stop-
band rejection at the center frequency of 1.623 GHz, with the
stop-band 3 dB bandwidth (from reference base line) of
5.15 MHz or better. The stop-band rejection needed was
≥ 30 dB at the center frequency, and the passband insertion
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loss less than 1.0 dB below 1.614 GHz and above 1.634 GHz.
To meet the above stringent specifications, the bandstop filter
was designed from the traditional Chebychev low-pass
prototype synthesis and transformation technique [8]. Due
to the higher quality factor (Q) possible with
superconductors, the minimum number of poles required was
determined to be 3.

The bandstop filter was implemented using the microstrip
edge-coupled resonators coupled to a through line. Desired
band-rejection characteristics were obtained by optimizing
the spacing between the through line and the resonators, and
the length of the coupled sections, with the microstrip lines
designed for 50 Ω characteristic impedance on 508 µm (20
mil) LAO substrates. The final optimization of the filter was
performed using Zeland’s IE3D electromagnetic simulators
[9]. The schematic of the optimized filter is shown in Fig. 1.
The performance of the filter as modeled using IE3D is
shown in Fig. 2. The modeled data comply with all the
aforementioned specifications for this filter.

The YBCO/LaAlO3 filter considered in this work consisted
of a 508 µm thick LaAlO3 substrate with an area of
1.83× 2.08 cm2 coated with a 600 nm thick YBCO HTS film.
The filter was fabricated using standard photolithography and
chemical etching techniques. A gold (Au) version of the filter
was also fabricated by depositing a Au thin film (~2.5 µm
thick) on a LaAlO3 substrate using e-beam evaporation. For
both versions of the filter a 2.5 µm thick gold ground plane
film was deposited on the side of the substrate opposite to the
circuit.

Fig. 1.—Schematic representation of the
   YBCO/LaAlO3 bandstop filter. All dimensions
   are in centimeters.
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Fig. 2.—Plot of simulated data for the YBCO/LAO
   filter. The filter has a center frequency of 
   1.623 GHz, a bandstop rejection of 39 dB, and
   a bandwidth of 5 MHz at 3 dB. The simulation 
   was performed using Zeland’s IE3D electro-
   magnetic simulator.
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Fig. 3.—The L-band Au/LAO filter mounted 
   on experimental test fixture. The dimension
   scale is in centimeters. 

1.83

The microwave characterization of the filter was
performed by mounting the filter with silver paint on a
custom-made brass test fixture. The microwave signal was
launched to the circuit via coaxial SMA connectors. A picture
of the filter mounted in the test fixture is shown in Fig. 3.  For
cryogenic testing of the YBCO filter, the fixture was bolted
to the cold finger of a helium gas, closed-cycle refrigerator
modified with a vacuum shroud with coaxial feedthroughs for
input and output connections to an HP 8510C network
analyzer. Measurements were taken under a vacuum of less
than 1 mtorr.
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A tunable version of the filter was also studied. This
version was optimized based on the multilayer structure
shown in Fig. 4(a), for a ferroelectric thickness of 300 nm,
dielectric constant of εrSTO=1500 and loss tangent of
tanδ=0.01, which are conservative parameters for STO
ferroelectric thin films [10].  Because of the ferroelectric, the
optimized design for this version shown in Fig. 4(b) differs
from that shown in Fig. 1 for the YBCO/LAO filter. The
performance of the YBCO/STO/LAO filter obtained using
IE3D is shown in Fig. 5. Note that the filter can be tuned by
2 percent to both sides of the center frequency (1.623 GHz)
without degrading the specifications outlined earlier in the
paper. Beyond these range, although the filter is tunable up to
5 percent with respect to the center frequency, the impedance
mismatches introduced particularly for values of εrSTO>2000
result in filter performance degradation. For the experimental
characterization of this filter, dc voltage was applied through
gold wire bonds directly connected to the poles of the filter
while keeping the transmission line grounded.

Fig. 4.—(a) Modified microstrip line structure for 
   ferroelectric-base L-band tunable filter. (b) 
   Schematic representation of the YBCO/STO/LAO
   bandstop filter. All dimensions are in (b) are in 
   centimeters.
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Fig. 5.—Plot of simulated data for the YBCO/
   STO/LAO filter for different values of  STO's
   dielectric constant and for tan� = 0.01.

III. RESULTS

The p er f or man ce o f the A u /LAO  v ers io n  f or  th e fix ed -
f requ en cy L- b an d filter is sh ow n  in F ig . 6. Th e f ilter exh ib its  a
r ejectio n gr eater  th an  3 2  d B at 1.62 5  G Hz ( o nly 2  MHz aw ay 
f ro m sp ecificatio ns )  and  in sertion  lo ss es  o f  les s  than
1  d B aw ay fr o m th e r ejectio n ban d (m ark er s 2  and  3, F ig . 6 ).
H ow ev er , the 3 dB b and wid th  o f the f ilter  is  ~47 .5 MH z,
w hich  is  9  times wid er  th an  the sp ecificatio ns . N ot
w iths tan ding , these ar e imp ress ive r esu lts g iv en  th e fact th at
the o ptimizatio n pr o cess  was do n e fo r  a s up ercon d ucting  filter.
This filter exh ib ited a loaded Q ~6 50  at r oo m  tem p er atur e.

Figure 7 shows the performance of the YBCO/LAO filter.
Data were taken at 60 K, which was the temperature at which
the filter exhibited the best performance, possibly due to
nonoptimal film quality. In this case the filter exhibits a 3 dB
band-width (markers 5 and 4) of ~5.5 MHz, which is very
close to the specified bandwidth. However, it shows a
rejection of only 24 dB at 1.6471 GHz and an insertion loss
away from the bandstop frequency worse than those for the
Au-filter counterpart, again possibly due to film quality
limitations. This filter exhibited a loaded Q~3660. The
performance of this filter should be improved by using high-
quality, double-sided HTS films.

F ig ur e 8 (a) s ho ws  th e per fo rm an ce as  a fu nctio n o f
tem peratur e o f an  A u /S TO /LA O ver sion  of  the filter sh ow n  in
F ig . 4. No te th at th e reject fr equ en cy sh if ted  b y  4 7.5 MHz f r om 
2 98  to 4 5 K. No te th at th e better per fo rm an ce of  th e filter is
r ealized  at 4 5 K wh ere th e valu e o f ε r  sh ou ld  be ab ov e 10 0 0.
F ig ur e 8 (b ) s ho ws  th e per fo rm an ce of  th is  f ilter  wh en  ap plyin g
3 00  V dc to  th e filter’ s p oles  ( Emax  = 0.63  V/µm ) , wh ich 
r es ulted  in a f requ ency s hift o f  n ear ly  2  p ercen t, co ns isten t w ith
s im ulation s. Alth ou g h th e tun ab le filter did  n ot live u p  to all
the s pecif ication s o f th e s im ulated p er fo rm ance s ho wn  in  F ig .
5 , its p er fo r mance cou ld  be imp r ov ed  by  u sin g STO  f ilms  with 
h ig her ε r  an d lar ger d c bias .
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Fig. 6.—Experimental performance of the Au/LAO
   L-band, 3-pole bandstop filter at room temperature. 
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Fig. 7.—Experimental performance of the YBCO/LAO
   L-band, 3-pole bandstop filter at 60 K. 
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IV. CONCLUSIONS

In this work, a compact, highly selective (Au,YBCO)/LAO
microstrip bandstop filter has been demonstrated for L-band
applications. Both the HTS and gold versions of this filter
show promising performance to comply with the stringent
specifications upon further optimization. The HTS circuit had
a 3 dB band rejection bandwidth of ~5.5 MHz, compared to
~47.5 MHz for the gold counterpart, and a rejection of 24 dB,
which could be improved using very high-quality, double-
sided YBCO thin films. We have also shown the feasibility of
a frequency tunable version for this filter. Simulated data for
a YBCO/STO/LAO filter predict at least 2 percent tunability
while maintaining specifications. Attainment of this level of
tunability has been demonstrated with an Au/STO/LAO
version of the filter. Experimental work is currently
underway for optimization of the YBCO/STO/LAO tunable
bandstop filter.
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